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A13STRACT

l’imo  induced deformations are proposed M a
means  of achieving a higher degree of on-orbit surface
accuracy of inflatable antennas. A series  of tests were
performed on an inflated circular rncmbranc  and an
inflated tutm,  both  made of ofl-the-she]f piczo fil III.
‘J’he salnc  configurations were also analy7,ed to validate
the tests. The concept was demonstrated qualitatively
i~l s~)itc of a discrepancy between the analysis and test
results, rnosl  likely due to inaccurate knowledge of the
~)iwmelcctric  cocfflcicnts  of the film.

Numerical simulations are also rei)ortcd  herein,
which demonstrate the piczoc.ontro] of au antenna de-
sign concept. A parametric study is carried out to
determine the most effective distribution of actuators
and their  optima] gains required to correct given atlcr-
rations ill the surface of the antenna. ‘1’he  proposed
a))proach is generally suitable for making s~nal] local
adjustlncnts in the. shal)c  of the antenna.

1. lntroductiml:

lly Conq)arison  to mechanically erectable systmns,
inflatatrlc  structures have been shown [1] to have t}lc
advantage of a rnuc}l lower cost, weight, and pac.kag-
illg volume, as well as rnorc favorable thcrrnal  gradi-
m)ts a]ld damJ}ing characteristics. q’he usc of inflatable
c.onc.eJjts for elnergency  slides ill airc.rafts or airbags  ill
cars is all evidence of their deJJloyIncnt  rcliahility.  ]n
s~)ace aJ)J)lications, all airbag  SyStCJll  is currently UII-
der consideration as  a rllcal)s  of attenuating t,hc lalld-
illg illlpact  of NASA’s hIESUJt  pathfil]dcr  spacecraft
OTI tile surface of Mars. ‘1’hc  usc of such tcc,}]llology

Figrrrc  1: An Inflatable Antenna CorIccIIt

in the construction of large, light weigl)t, yet J)reciscly
shaped aIlte~lIlas  and rcflcc.tors  ca~l make ]nally i~llpor-
t ant sf)acc rni~sions practical.

‘Jlle precision irlflatablc  antenna in Fig. (1) is arl
exarnplc  of a large lightwcigtlt  antcnlrla  concq)t.  I)c-
~mrding 011 the al)plicat,io:l, irlftatat,lc  aritcnl[as  or re-
flectors  can bc made to work at frcqucrlcics  as high as
3 G1J7, (radiometry), or 100 GI17 (cornrnur)icatiol)  s).
Reference ~] shows tliat during ground tests, surface
deviations from the desired sha~,c of SUCII  rdlcctors are
routinely about 1 rnm rrns, ‘J’o go to lligllcr frcqucllcies
will require a step irlcrease irl the surface accuracy of
inflatable reflectors. Onc.c attairlcd, ttlc required  level

* ‘Jihe research described in this paper was carried out ill IJart. hy the Jet l’rc)~)u]sion ],aboratory,  Califorl)ia
lr)stitutc of ‘Jkcllnology  under contract  with tllc National  Acrollaut,ic.s aljd Space Adlninstratiorl.



of accuracy may be maintained by making periodic cm-
orbit shape adjustments rw the antenna is exposed to
thermal changes and possible  aging of the polymeric
film.

‘1’lIc omorl)it  adjust~nent  of an inflatable space an-
tenna can bc ~Iladc by several techniques. Varying the
inflation  pressure can ellablc  substantial adjustnlcnt
of the focal length by making global shape changes
~].  Unfortunately, this will do little to correct ur,sylm
metric distortions. ‘1’he  use of electrostatic charge to
change the shape of a deployed rcflec.tillg lnm[hrarlc
IIzw also been examined [3]. ‘l’he idea was to pull on
scc.tions  of tile dep]oycd mclllbrallc  by apj)lying  a static
electric charge to certain regions of an adjacent paral-
Icd melnbrane.  ‘1’he tcc}lnique was partial]y  successful
and was not sufficiently lightweight.

‘1’be  concept explored in the present paper offers a
~)otcnt.ially liglltwcight,  and simple technique to correct
local aberrations in the shape of an inflated membrane
by shrinking or stretching sections of the ~netnbrane
or support structure, ‘l’his can be done by employing
piezoelectric  elements in the construction of the mClII-
brane  or support structure. The piczoclcctric  elclncnt
Il]ay be a thin polyrncricfilrn,  muchsimilar to that nor-
mally used for the inflatable membrane itself. A pos-
itive or negative electric field applied to the piczofilrn
creates a rncc.hanical  strain proportional to that field.
“J’his provides t})c ability to induce controlled on-orbit
dimensional changes in gores of the antennaitsclfor
its attachments in order to optimize the reflector per-
formance.  ‘lie tccbrriquc  is suitable, not for making
large focal length changes, trut for making small SyIIF
rnctric  or unsyrnmctric  local adjustments. As such it
could complement the variable pressure approach of
Ref. [2]. Some theoretical aspects of the present tcch-
niquc has been examined in an earlier paper [4]. Its
fcxwibility is further explored in the present paper by a
combination of laboratory expcritnents  and numerical
simulations using simple configurations, m well 3s nu-
merical silnuiations  and trade studies using the more
rcatistic design concept of Fig. (l).

11, Actwte.d  Ir~fhtables:

The ability to make small shape corrections in an
inflated structure is considered here by integrating the
actuation mechanisnn  in the inflated membrane itself
or in its support structure. Since in most cases the
support structure is likely to be also an inflatable mem-
brane, this section will deal with distributed piezoclcc-
tric actuation of rncmbranea.

1. Distributed Piezoelectric  Actuation: “J$he
phenomenon of piczoclcctricity  couples the electrical
and mechanical properties of certain materials. }’oly -
rncrs, for cxarnplc,  arc colnpriscd  of Inany randomly
oriented positive and negative dipoles. “l’heir piezo
property can be induced through a o~le-tilnc applica-
tion of a sufflc.icntly  high voltage at high temperature,
whit})  results in permanent polarization of the dipoles.
“1’lIc process, called “poling”, locks in the piczoclcctric
effect anisotropically,  along and normal to the poling
direction. Once poled, the strains will depend not only
on the applied stress, but also on the applied electric
field and dielectric displacerncnt,  q’be coupled clcc-
trorncchanical  constitutivc relations then take the gerl-
cral form [5]:

Ilk = d:;n, ut,,, -t 1];,,7 1;,,
. ,

(~j f“ 1’Z S~,~~, O./Vii +- ~j~ ‘n (1)

‘l’he first equation describes the “direct” piczoc]cctric
effect and states that the dielectric displacement vector
D depends upon the stress tensor u and electric field
1; throug}l t he  j>iczoelcctric coefhcic~lt ~na(rix  d a~ld
the pcrmittivitics q, rcspcctivcly.  On the other harld,
the second equation describes tbc “coliverse” piw,~
electric effect and states that in prcscncc  of an electric
field l;, the strain tensor c depends UI)OII  the apJ)]icd
stress tensor a a~ WCII  rw the electric field through the
elastic compliance s and the piczoelcctric  coeflcients
d, rcspcctivcly.  In both equations, the superscript T’
indicatea  transpose. Other superscripts indicate that
the coefficient in question is evaluated at a constant
value of the superscript.

In polymeric films, piczoclcctricity  is introduced
by poling in the “3’’-direction. This is the direction of
the normal to the plane of the film. By constructing
an inflatable component from this piezoelcctric  filtn, a
subsequent application of voltage to the film will in-
duce a distributed in-plane actuation strain field in

addition to the existing strains due to inflation pres-
sure. From the second of Itq. (l), the components of
strain at a point in the film are then obtained from:

<22 = s22u22 + s12u11 +- dwfih

(12 = S.lclolz  + dld~:z (2)

Thus, the in-plane piezoelectric  constants d 31, dsz arc
exploited in inflated membranes as a I[lcans of inducing
a desired state of in-plane membrane strains, sufficient
to correct a prescribed amount of out-of-plane defor-
mations. The d 31, d32 constants describe the strains in



the in-plane directions “ 1“ and “2”, respectively, w})c])
all electrical field is applied in the thickness dircctio]l
“3”. in the premrt application, M2 =- O.

l’iezoelectric  films are now comnlercially  available
off-the-shelf. They are typically employed as sensors in
devices for a wide variety of applications, e.g. pressure
sensors. ~’heir use in distributed sensing and control
}irus been investigated only recently [6]. ~’he piezo filIn
used lime is a polyvinylidene  fluoride semicrystalline
resin (a.k.a. PVDII’),  known by the trade name Kynar.
~lle film comes in various thicknesses, with a very thin
metal layer deposited on each side to provide electrical
connection.

2. Exlmrimcnts:  The purpose of the laboratory
exljerirnents  that follow is to explore the advantages
and limitations of these filrrLs as  intlatahles with built, -
in distributed actuation ability, suitable for correcting
sha])e aberrations. q’he test configurations are kept
simple  to minimize costs and test variables. Thus in-
stead of the relatively complex inftatahlc  structure of
l’ig. (1), the actuation ability of piezoclectric  fihns
was explored experimentally on the inflated circular
lncrnbranc  and closed tube configurations in Fig. (2).

Figure  (2a) shows two circular rnemtmancs,  ini-
tially flat and rigidly c.lampcd along their 10. in di-
a~netcr boundary. inflation pressure is introduced irl
the air spat.c between the two mcnd,rancs.  }Iccause
of the rigid boundary conditions, each Incrnbrane  de-
forms under pressure irldepcndcnt  from the other. As
a check on the test/analysis results (to bc discussed
later), one mclnbrane  wa~ chosen to be 0.001 in mylar
(isotropic), and the other a 0,002 in Kynar  n,cmbrar,c
(anisotropic),  comprised of approximately 0.0015 in
basic 1’VI)F film, on which two layers (.0005 in total
t]lickncss)  of silver ink ~netallization  are deposited (orle
layer on eac}l side for electric ccrntact).  As the inflatio:l
pressure is c.hanged, the dcforlncd  s}lape of cac.h rncrm
t)ralle relative to the flat  undcforlncd  configuration is
l[lonitored  at the center and four ottlcr  points or) each
Iner]d)ra]le.  IIJ) to 0.5 pi internal pressure was aJ)-
~)licd, a~ld the c.orrcsponding  lateral deforrllations  (u])
to 0.5 in) were rncasurcd  using dial gage ty])c sensors.
When up to 300 volts  were applied to the pressurized
Kynar  membrane, additional lateral rncrnhra?lc  dcfor-
nlations  of the order of 0.001 in were recorded using
eddy current, sensors.

The  tube ill Fig. (2b) is lnadc  of the salnc  0.002 in
Kynar  IIlemt)rane with t}tc” I“-axis parallc]  to the t,ul)c
axis (i.e. dsr is along tllc longitudil)al  direc.tiori).  Sq~-
arate strips of conducting piczo arc created by c.llenl-

}’igurc 2: l’iczoclcctric  Actuated ‘list Cornl,c)rlcllts
(a) Circular N4rmlhrarlc,  (1,) ‘J’ul)e
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ically etching thin ships  of the rnctallization  on both
sides of the film. l’he  tube is closed at each end with a
1/2 in plastic  disk. l)uring the experiment, the bottom
cnd of the tube is rigidly fixed and the deformations
at tl)e top free end are rnonitorcd  irl three directions
M tile inflation J)rcs.sure  (up to 1.0 psi) is applied, se~)-
aratcly or in addition to electric fields applied individ-
ually to the rnetallimd  strips.

111, Amdysis/Test Results:

Analysis WM also performed to corroborate the
rcsu]ts  of tests described above, and to exa~nirle  the
a~)p]icahility of the concept to more practical config-
urations. Consistent with the fact that the stiffness
of inflatable structures is largely dependent upon the
illtcrna]  }Jrc~~ure,  the analysis method assurncs  large
elastic deformations with small membranest rains. For
this purpose, the nonlinear finite clerncnt  analysis ca-
pabilityin NAS1’RAN  was found to besufllcicntlyac-
curate.

1. ll)flaticm  Prf2ssurc  Only: in Fig. (3), the
test center deformation on the mylar side of the circu-
lar me~r]brane  (Fig.  2a) is compared to two indepen-
dent analysis methods; NAW’RAN’S  nonlinear analy-
sis, and the series solution of Ref. [7]. IJotb ~[lethods
of analysis give almost identical results, which tend
to bc approxi]nate]y  10% stiffer than the test results.
inaccuracy in the lnylar’s  elastic lnodulus  value used
in both analyses (0.5375 x 106 psi), is the n]ost likely
rca~on  for t}le discrepancy.

2. Piczcwlcctric Actuation: ln the pimo  actu-
ated  tests, the Kynar membrane in Fig. (2a) is first
irlflated then subjected to an electric field t}lrough  the
leads. l’he  applied voltage wa~ varied from zero to
300 volts, and from zero to -300 vcdts. A series of
such tests was performed at different inflation pres-
sures (~~i c 0.1, 0.2, 0.3, 0.4, and 0.5 psi). The de-
forr])cd Inernhrane  surface APi at pressure ~: is used
as  a reference, from which additional deformations A;i
due to the applied voltage arc mea~ured.  Figures (4a,
4b) together show typical results for inflation pressure
pi = 0.2 psi, in the form of applied voltage and cor-
responding deformations at the center and four other
locations indicated in Fig. (2a). As seen from Fig. (4),
the hysteresis is clarrtic and recoverable. Here, positive
voltage induces negative strain (shrinkage), and nega-
tive voltage induces pceitive  strain (stretching).

As a measure of the rate of deformation per volt
for the present test configuration, the average slope
of the hysteretic curve for the center deformation waq

computed. For inflation pressures ranging from 0.1 psi

0.3
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l’igurc  3: Analysis/rl’cst  CornlJarisoll
lnflatcd  Circular Mcrnl~ranc

0.s
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to 0.5 psi, the average rate was found to range  from
4.1 x 1 0-6 to 3.6 x 1 0-6 in/volt. l,arger  rate corre-
sponds to lower inflation pressure. ‘1’hesc  test values
arc compared bellow to the analysis results.

Referring to Itq. (2), one observes that the piezo
electic  strains, d 31 }J3  and d32E3j  behave numerically
analogous to thermal strains of the form, --a31 Al’ and
–cr32AL”,  where Al’ is the change in temperature, and
c r3 1, CY32 are anisotropic  expansion cocfhcicnts  in di-
rections  “ 1“ and “2”, respectively. ‘1’his analogy was
exploited in the numerical simulation of the piezo ac-
tuated inflated membrane. Thus in NAS1’RAN’s non-
linear analysis simulations, large mcrnbranc  deforn~a-
tions  are computed itctatively under a simultaneously
applied inflation prcsaure  pi and temperature change
Al’, the magnitude of which is chosen such that;

d31 E3 = a31AT, a n d  d.zh’s == Q3zA7’  ( 3 )

The following values were used in Eq. (3) and the anal-
ysis :  d31 = 0.9 x 10 -9 in/in/uoh/in,  d32 = 0.117 x
1 0-9 in/in/uoli/in, Nla~tic modulus=  0.29 x 106 psi,
&31 = 28.0 x 10-6in/in/F0, and fi32 = 4.0 x

1 0- 6  in/in/FO. Note that both d 31, d32 should bc
divided by the rnembrarre  thickness before their use in
Eq. (3). For comparison with the test results in Fig
(4), the rate of center deforrnatiorl  per volt wa~ coin-
puted from the analysis and were found to range from
13.9 x 10-6in/volt  to 8.2 x 10-6in/uolt  for inflation
pressures ranging from 0.1 psi to 0.5 psi. Consider-
ing the good analysis/test correlation in Fig. (3), the
discrepancy of about a factor of three may be due to
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inaccuracies in values of the material constants listed
above. According to the manufacturer, measurement
of dw can be made much more accurately than for
d 31 , d32.

As in the circular membrane, piezo actuation tests
of the tube in Fig. (2b) were performed by applying
voltage to the leads of the already inflated tube, with
the bottom end rigidly fixed, To simulate line-of-sight
adjustments of the free end of the tube relative to the
fixed end, an equal and opposite voltage was applied
to the leads of only two strips on opposite sides of the
tube. l’hc deformations 6~i due to the applied voltage
alone are then measured at the three degrees of free-
dom at the free end. Figure (5) is an example of these
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measurements at pressure pi = 1.Opsi  M the voltage is
varied. }lere again the deformation rate pm volt was
c.onlputed from the test data at the lateral degrec-of-
frecdom  for pi = 0.5, ,0.6, 0.7, 0.8, 0.9, and] .0 p s i
and was found to range from 12.0x 10-6 to 11.1 x 10-S
in/volt. ‘l’he analysis followed the sarrlc procedure de-
scribed above for the circular niernbranc,  and discrep-
ancies  of the same order (factor of 3) wa~ also encoun-
tered  for the tube configuration. Figure (6) is an ex-
ample of the analysis simulation results of the piczo
actuated line-of-sight adjustment.

IV. Pivzocontrol  of Antcmna Systmn:

The antenna system in k’ig.(7) is a finite clcmcnt
idealization of Fig. ()) without the tripod. ‘1’hc  ax-
isymmetric  parabolic antenna rnerlit)ranc has a dialrl-
eter 1) = 120.Oin, F/D = 0.5, thic.kncss =: 0.00025 in,
and is inflated and taut at the outer edge by 16 tic-
rods to a thin-walled torus. The nominal dimensions
of the tic-rods are: length = 6.Oin,  area = 0.03in2,  and
those of the torus are: radius of centerline = 72.Oin,
tube radius d : = 6.Oin, and  t h i cknes s  ii = 0.02in.
The surface accuracy of the inflated parabolic antenna
depends upon several parameters such a~ the initial
uninflated shape, inflation pressurej  edge cor]ditions
at the torus interface, elastic interaction bctwecrl the
parabolic membrane and the suj)porting  torus, i[n.
perfections in the fabrication process of any of the
above components, and the operating conditions in
space. On-orbit correction of deviations from the de-
sired shape can be implemented by several picvo actu-
ation methods. These are discussed next.
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l’igurc  6: Si:rlulatio~l of l’iczoac.tuated  l,inc-of-sig]lt
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I’igurc 7: Finite  Elcnmnt  localization of
IIlflatcd l’arabo]ic  Antcllna/’l’orus  Systeln

1. Simulations: In the following simulation sc.e-
natio,  wc SSSUIIIC that aberrations in the antenna sur-
face are the result of out-of-plane circumferential si-
nusoidal distortion of the torus centerline from the
XY-plane in the form: d, = dosin30,  with zero val-
ues at the three interface points to the supporting tri-
pod, Such imperfection in the torus will give rise toa
dcfor~ned state, Ud, of the inflated antenna which dif-
fer fronl the deformed state, U“, had the torus been
perfect. Then  the vector of aberrations we wish to
correct is taken to be: u“ = (ud –u”). Only deforma-
tion colllponentsirl the Z-direction (parallel to axis of
sylnmctry) at the nodes on the parabolic nmmbranc

arc inc]udcd  in u’.

One  approach to correct the aberrations u* on-
orbit is by introducing controlled amounts of piezo ac-
tuated strains along axes of the tie-rods. 10 achieve
the beat correction, the actuation gain (magnitude of
voltage or displacement induced in each tie-rod) Inust
be optimally distributed among the tie-rods.

Id n, = number of degrees of frecdorn in the con-
trolled set u*, and naP == nun]hcr of possible actuators
(here 16 tic-rods). Also let:

j ~ (71C x noP) matrix of influence coefficients,
each column of which represents the deformation
state at the ne control d.o.f  due to a unit actuation
gain at one actuator location,

AO = (n~P x 1 ) vector of unknown  actuator gains,

Then, the deformations u at the same nc con-
trolled d.o.f. due to applying a c.orlhination  of ac-
tuation gains AO at the tie-rods is:

u = ,!AO (4)

Now the unknown gains AO may be dctcrmincd  ol)ti-
rnally in a lead square sense by requiring, u“ - u = O,
so that;

Ao = (ST$- l&”u* (5)

in general,  it may bc desirable to use fewer ac-
tuators no than the total nulnber  of possible actua-
tor locations nap. In this case, the actuator locations
should be also selcctcd  optimally. Since the actuator
locations are discrete variables, a discrete o~)tin)izatiou
technique such M the simulated annealing algorithm
[8] may be used for selecting the optimal actuator IG
cations and gains. q’he algorithm is iterative. It does
not require gradient infor]nation,  and is dcsigllcd to
avoid getting trapped in local minima. Iluring  a typ-
ical kth  iteration, the algorithm selects no out of all
powible  nOP actuator locations. l,et,

J;(j) = the integer vector of nd location indices
j = 1, . . ..n~.  such that J;(j) E n~P specifies the
na locations selected during the current simulated
annealing iteration, and

lJk = (nap  X n.) location selection matrix, whose
bij elements are either “one” or “zero” depending
upon whether or not i = J;(j) for any j and for
i= ],..., nOP.

‘1’tlen, analogous to Eqs. (4,5);

uk == SkAOk

Sk = ~flk
fh == (S:sk)-’s:u’ (6)

As a measure of the proximity of Uk to u*, the al-
gorithm seeks the best actuator locations J;(j) with
op t ima l  ga in s  &k(j), j = 1, . ..! no whic}l n~ir~imize
the normalized rms error:
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( u *  –  SkAok)T(u”  - SkAOk)l  l/2 ~7)

Ctrhin  ~ ek = — — —  . - - — .  . — . . . ,  .——

u*7U*

2. Amrlysis  Results: Results of the numerical
illl~Jlclr~clltatiorl  of the rnct}lodo]ogy  described above
arc given here for different cases that differ in the nunl-
bcr of d.o.f, included in the control set u*, and in the
number of actuators used to perform the sha~)c adjust-
rllc]lt. For all cases, the rms of t}le control d.o.f. in u *
is 1.28 x 10-3 in. ‘1’able 1 summarizes the optimiza-
tion results when the number of control d.o.f in the
u* set  ate nc = 17, 25, and 49, ‘IThc spcc.ific choice
of rncml)crs of these sets is shown in Fig. (8), and
was rnadc to represent progressively finer granularity
in the nulnbcr  of sensors one may usc in monitoring
the shape of the antenna. Notice that the intentional
choice of nC(17)  E ne(25)  E nC(49), does  not guaran-
tee that the resulting optimal locations (see ‘1’able 1)
satisfy the same relation, na(4)  E no(8) E na(16).

The effect of increasing t}le nurrher of control d.o.f.
nC to be rnonitorcd  and the number of actuators na on
the ability to adjust the antenna errors is shown in ‘l’a-
blc 1 and Fig. (9). As one may expect, rnorc accurate
adjustment is possible m more actuators arc brought
to share in the process, and M one tries to enforce the
adjustment at a fewer number of d .o.f. Converse] y, the
accuracy deteriorate u one tries to use the salne  nu]l~
her of actuators to cnforcc  adjustment of shape at a
larger  number of d.o.f. The ideal situation is when the
nurl)ber of actuators and number of control d.o.f. arc
equal, no = nc, in which case exact adjustment of the
shape is assured. It should be realized, however, that
achieving higher degree of adjustment accuracy at the
d.o.f. included in u* does not guarantee equally big}]
accuracy at d.o.f. excluded from u“. The latter may
bccorne even worse. It is important, therefore, that
the control d.o.f. be selected judiciously.

Rather than volts, the optimal actuator gains in
‘1’able  1 rcprcacnt  displacements (or travel) which the
actuators must provide. ‘l’he usc of piczo filrm to pro
vidc this level of displacement in the tie-rods would
require their redcaign. however, off-the-shelf PZrl’ cc-
rarnic  actuators are usually capable of up to 4 x 10-3 in
travel. ‘1’bus, except for the case when, na == 16, ne =
17, one could use existing PZ1 ceramic actuators.
Otherwise, the act uator design must be modified for
specific applications. Of course, design limitations will
have to be imposed on their energy consumption and
weight.

,
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3. Other Actuation schemes: Rather than in-
ducing piczo strains in the tic-rods to correct the aber-
rations in the inflated membrane, another approach
may be to induce the piezo strain directly in sectors
(gores) of the parabolic membrane. This would be
similar the experiments discussed in Sec. 11. F;lcctric
separation of the diflerent  sectors or regions is easily
achieved by chemical etching of the metal libation. ‘1’his
approach hu the advantage of increa~ing  the number
of possible actuation regions, na, thereby reducing the
required voltage.

A third approach involves application of piczoclec-
tric moments locally at different locations along the
circumference of the torus, Such morncnts  would cor-



,

..’

rcct  distortions in the torus directly. ‘l%is scheme was
attempted on the system of Fig. (7), but was aban-
doned becauseit  required too high voltage todeforln
the relatively very stiff  torus.

V. Concluding R,cmarks:

‘1’he  concept of using illduccci piezo strains to con-
trol on-orbit dilncnsional  changes in elements of in-
flatable structures was investigated here analytically
and cxperirnentally.  Off-the-shelf material was used
to construct relatively simple laboratory experiments.
l’ea~ihility of the approach was demonstrated qualita-
tively. }lowcver,  due to inaccurate knowledge of the
anisotropic  j)iezoelcctric  coefficients of the J)iezo film,
a factor  of three discrepancy was found Letwecn the
analysis and test results. More accurate characteriza-
tion of these constants is required.

For a 10.0 in diameter, 0.002 irl thick membrane,
out-of-plane center deformation of atrout 0.0012 in was
obtained during the experiment wherr about 300 volts
were applied. One would expect this dcfor~nation to
scale directly wit}l diameter. ‘1’bus, the demonstrated
piczo induced deformations would be of the order 0.05
irr for 14-meter diameter F/l system, such a~ the ir~-
flatab]e  reflector to be flown on the lnftatable Antenna
Experiment of Ref. [9]. Manufacturing tolerances have
been shown to cause focal length changes on the order
of several inches for a 14-rrleter  dia~r]cter  antcrlna.  So,
the demonstrated piezo approach would not be appro-
l)riatc  for this level adjustments. On the other hand,
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3.
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snlal] adjustments in t}le ~ore len~t,hs or tie-rods may
be sufhcient  to correct sy%etric-or unsymrnctric  l=
cal irregularities in the membrane surface arising from
material irnpcrfections,  modulus variations, or other
causes of small dimensional instabilities. ‘1’he  combi-
nation of a pressure control to adjust the focal length,
a[ld piczoelectric  control to reduce deviations from the
desired shai)e,  could provide the added increzwe  in sur-
face accuracy needed to extend the use of inflatable
antennas into the high frequency domain.
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